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(54) Tide: OLIGONUCLEOTIDE ANALOGS CONTAINING THIOFORMACETAL LINKAGES 
(57) Abstract 

Modified oligomers containing at least one intemucleoside linkage of the formula YICX2Y2 wherein at least one of Yi 
and Y2 is sulfur and the other is oxygen and wherein each X is the same or different and is a stabilizing substituent are dis- 
closed. These oligomers show superior binding properties and are thus useful for binding target substances in therapeutic 
and analytical uses. Also disclosed are improved methods for synthesis of oligomers containing linkages of the general for- 
mula -YCX2Y- wherein each Y may be independently oxygen or sulfur. 
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5 OLIGONUCLEOTIDE ANALOGS 

CONTAINING THIOFORMACETAL LINKAGES 

Technical Field 

The application relates to the field of 
10 oligonucleotides containing novel linkages and methods 

for their synthesis. The invention includes biologically 
functional oligomers or derivatives thereof wherein at 
least one linkage between adjacent nucleosides comprises 
a linkage of the formula Y^-CX-^-Y^, wherein one of Y^ and 

2 . 

15 Y xs oxygen and the other is sulfur. Also, the 

invention relates to methods to prepare oligonucleotides 
containing intemucleoside linkages of the formula 
-YCX2Y-, wherein each Y is independently 0 or S and each 
X is a noninterfering stabilizing sxibstituent. 

20 

Background Art 

PCT application WO 91/06629, published 16 May 
1991 and assigned to Gilead Sciences Inc., describes 
modified oligomers and derivatives thereof which contain 

25 nucleotide sequences useful in binding a biological 

moiety wherein the modification comprises substitution 
for one or more linkages between individual nucleotide 
residues, a linkage of the formula -YCXjY-, wherein each 
Y is independently 0 or S suid wherein each X is 

30 independently chosen and is a stabilizing substituent. 

This application, the disclosure of which is incorporated 
herein by reference, describes these oligomers and their 
derivatives, and the manner in which they are useful in a 
variety of contexts by virtue of the ability of the 
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oligomers to bind various biological moieties. These 
oligomers are therefore useful, for example, as 
diagnostic and therapeutic agents. 

5 Disclosur e of the Invention 

The invention relates to oligomers containing 
at least one thioformacetal intemucleoside linkage and 
to improved methods for the synthesis of oligonucleotides 
containing at least one intemucleoside IdLnkage of the 

10 formula -YCX2Y- wherein each Y is independently 0 or S 
and wherein each X is a stabilizing substituent. As set 
forth in the above -referenced PCT application, these 
oligomers can be prepared with achiral linkages when both 
X are identical. 

15 Thus, in a first aspect, the invention is 

directed to a biologically functional oligomer or 
derivative thereof wherein at least one linkage between 
adjacent nucleosides is of the formula Y^-CXj-Y^, wherein 
one of Y^ and Y^ is S and the other is 0 and wherein Y^ 

20 is understood to be attached to the 3' position of a 
nucleoside residue and Y^ to the 5' position of the 
adjacent nucleoside residue. This linkage is designated 
herein 5' -Y^-CX-^-Y^-S' . Particularly preferred is the 
embodiment wherein Y"^ is sulfur and Y^ is oxygen, i.e., 

25 wherein said linkage is of the formula 5' -SCX^O-i' . 

Stated another way, the invention is directed 
to CQXttpounds of the formula 

30 



35 



wo 92/19637 



PCr/US92/03385 



-3- 




(LN)« 



10 



S CXj— O— <NL)b 



B 



15 




OR, Ra 



Formula 1 

20 wherein each N is a nucleotide residue of the 

formula 



25 



B 




30 



35 



wo 92/19637 



PCT/US92/03385 



wherein each L is an internucleoside linkage 
that links the 3' position of one nucleoside residue to 
the 5' position of the adjacent nucleoside residue; 
5 each B is independently a purine or pyrimidine 

residue or an analogous form thereof; 

each X is independently a stabilizing group; 

each is independently hydrogen, ^90^', a 
protecting group, a phosphorous - containing moiety 
10 suitable for nucleotide coupling, or coinprises a solid 
support; 

each R2 is independently hydrogen, hydroxyl, 
fluorine, 0-alkyl (1-6C) , 0-allyl (1-6C) , S-alkyl (1-6C) , or 
S-allyl(l-6C) ; and 

15 a and b are independently integers of 0-100 

provided that the sxom of a and b is from 0 to 100, with 
the proviso that the -S-CX2-O- nucleotide linkage links 
the 3' position of one nucleoside residue to the 5' 
position of the adjacent nucleoside residue. 

20 Thus, in formula 1, each L is independently 



25 




— (-CX2-). 



or is a conventional phosphodiester substitute (including 
30 but not limited to -P(0)S-, -P(0)NR2-/ -P(0)R-, or 

-P(0)OR'-; -CO- or -CNR^- wherein R is H or alkyl (1-6C) 
and R' is alkyl (1-6C)). 

In additional aspects, the invention is 
directed to intermediates in the synthesis of the 

35 
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compoxinds of the invention and to compositions for and 
methods to use these compounds in therapies which rely on 
specific binding to target oligonucleotides 
("oligonucleotide therapies") as well as to methods to 
5 use these con5)ounds in assay systems and diagnosis. 

The iir5)roved synthesis methods are specifically 
applicable to oligomers which contain linkages of the 
formula -OCXjO-, S'-SCXjO-B'; -OCFjO-, and 
- OC ( CHjCHjOCHjCHj ) 0 - . 
10 Accordingly, in another aspect, the invention 

is directed to a method to synthesize an oligomer 
containing a S'-SCXjO-B' linkage, which method comprises 
reacting a first nucleoside or oligonucleotide containing 
the substituent CICX2O- at the 5' carbon with a second 
15 nucleoside or oligonucleotide containing an SH 

substituent at a 3' carbon in the presence of base to 
obtain a linkage of the formula -SCXjO- between the 3' 
carbon of said second nucleoside or oligonucleotide to 
the 5' carbon of said first nucleoside or 
20 oligonucleotide. 

In another aspect, the invention is directed to 
a method to prepare the required derivatized first 
nucleoside or oligonucleotide by reacting said first 
nucleoside or oligonucleotide containing OH as the 
25 substituent to the 5' carbon with paraformaldehyde and 
HCl. 

In a second aspect, the invention relates to a 
method to link a first and second nucleoside through a 
linkage of the formula S'-SCHjO-S', which comprises 
30 treating a first nucleoside or oligonucleotide containing 
a substituent of the formula 031380120 at the 5' position 
and protected, for example, by a siabstituent of the 
formula 0SiMe2Tx at the 3' position with a second 
nucleoside or oligonucleotide containing SH at the 3' 
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position, and protected at the 5' position with bromine 
in the presence of base, 

In still another aspect, the invention is 
directed to a method to link a first nucleoside or 
5 oligonucleotide with a second nucleoside or 

oligonucleotide through a linkage of the formula -OCP2O-/ 
which method comprises treating the first nucleoside or 
oligonucleotide protected in the 5' position with 
thiocarbonylimidazole in the presence of acetonit'rile to 

10 obtain a 3' -derivatized intermediate followed by treating 
said intermediate with said second nucleoside or 
oligonucleotide protected in the 3' position in the 
presence of acetonitrile to obtain said first nucleoside 
or oligonucleotide linked through a -OCSO- linkage to 

15 said second nucleoside or oligonucleotide, followed by 
treating said linked nucleosides or oligonucleotides 
first with diethylaminotrifluorosulfur in the presence of 
acetonitrile and then with base. 

In still another aspect, the invention is 

20 directed to a method to link a first nucleoside or 
oligonucleotide with a second nucleoside or 
oligonucleotide through a linkage of the formula 
-0C(CH2CH20CH2CH2)0-, which method conprises treating a 
first nucleoside protected, for example, by a benzoyl 

25 substituent at the 3' position with 2,3-dihydro-4- 
methoxypyran to obtain said first nucleoside or 
oligonucleotide derivatized at the 5' -position with a 4- 
methoxytetrahydropyran-4-yl substituent; reacting the 
derivatized first nucleoside or oligonucleotide with a 

30 5' -protected second nucleoside or oligonucleotide to 

obtain said tetrahydropyran ketal linkage of the formula 
- OC ( CH2CH2OCH2 CHj ) 0 - . 

Finally, in another aspect, the invention is 
directed to an inprovement in the method to link 
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oligonucleosides through a linkage of the formula -OCHjO, 
which method comprises treating the first nucleoside or 
oligonucleotide derivatized at a 3' position with the 
sxibstituent of the formula -OCHjSCHj with a second 
5 nucleoside or oligonucleotide protected at the 3' 

position, for example, with the substituent 0SiMe2Tx, the 
improvement comprising reacting said nucleosides or 
oligonucleotides with bromine in the presence of 2,6- 
diethylpyridine and molecular sieves. 

10 

Brief Description of the Drawings 

Figure 1 shows an outline of, and idealized 
results of, the footprint assay for DNA- duplex binding. 

IS Modes of Carrying Out the Invention 

A. Definitions 

As used herein, "oligonucleotide" therapy 
refers to direct administration or in situ generation of 

20 DNA or RNA oligomers or their derivatives which bind 

specifically to a target molecule. The binding may be by 
conventional base pair conqplementarity, or, for example, 
in the case of binding to DNA duplexes, through specific 
interactions in the major groove of the double helix. 

25 Specific binding to other targets, such as proteins, may 
also be accomplished. In general, "oligonucleotide 
therapy" refers to the range of techniques generally 
employed under this description in the art, and includes 
any therapy which relies on specific binding to 

30 oligonucleotide sequences. 

In addition to their use in therapy, the 
oligomers of the invention are useful in various 
diagnostic techniques which rely on specific binding of 
the oligonucleotide to a target substance as well as in 

35 
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use as probes, generally, to detect the presence, absence 
or amount of target substance. 

"Oligomers" or "oligonucleotides" includes 
sequences of more than one nucleotide and specifically 
5 includes short sequences such as dimers and trimers. 

"Derivatives" of the oligomers include those 
conventionally recognized in the art. For instance, the 
oligonucleotides may be covalently linked to various 
moieties such as intercalators , substances which interact 
10 specifically with the minor groove of the DNA double 
helix and other arbitrarily chosen conjugates, such as 
labels (radioactive, fluorescent, enzyme, etc.). These 
additional moieties may be (but need not be) derivatized 
through the -YCXjY- type linkage as part of the linkage 
IS itself. For example, intercalators, such as acridine can 
be linked through an -Y-CHj-Y- attached through any 
available -OH or -SH, e.g., at the terminal 5' position 
of RNA or DNA, the 2' positions of RNA, or an OH or SH 
engineered into the 5 position of pyrimidines, e.g., 
20 instead of the 5 methyl of cytosine, a derivatized form 
which contains -CH^CH^CH^OH or -CH2CH2CH2SH in the 5 
position. A wide variety of substituents can be 
attached, including those bound through conventional 
linkages. Accordingly any -OH moieties in the oligomer 
25 of formula (1) may be replaced by phosphonate groups, 

protected by standard protecting groups, or activated to 
prepare additional linkages to other nucleotides, or may 
be bound to the conjugated substituent. The 5' terminal 
OH is conventionally phosphorylated; the 2' -OH or OH 
30 substituents at the 3' terminus may also be 

phosphorylated. The hydroxyls may also be derivatized to 
standard protecting groups. In addition, specifically 
included are the 2' -derivatized forms disclosed in PCT 
application WO 91/06556. 
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In the oligomers of the invention, the 
conventional phosphodiester linkage may be replaced by 
alternative linking groups as long as one linlcage is of 
the form -YCXjY-, These alternative linking groups 
5 include, but are not limited to embodiments wherein the 
linkage is of the form -Y-Z-Y- wherein Z is P(0)S, 
P(0)NR2/ P(0)R, P(0)OR', CO, or CNR^i wherein R is H or 
alkyl (1-6C) and R' is alkyl (1-6C) * Not all Z in the 
same oligomer need to be identical. 

10 Purines and pyrimidines include any of those 

generally known in the art, including those 
conventionally found in RNA and DNA (A, T, G, C, U) and 
others, many of which are used as chemotherapeutic 
agents. An exeir^jlary but not exhaustive list includes 

15 4 - acetal cyt os ine , 5 - { carboxyhydroxylme thyl ) uracil , 5 - 
fluorouracil, 5-bromouracil, 5- 

carboxyme thylaminomethyl - 2 - thiouracil , 5 - carbo3cymethyl - 
aminomethyluracil, dihydrouracil , inosine, N6- 
isopentenyladenine , 1 -methyladenine , 1 -raethylpseudo- 

20 uracil, 1 -methyl guanine, 1- me thy linos ine, 2, 2 -dimethyl - 
guanine, 2 -methyladenine, 2-methylguanine, 3 -methyl - 
cytosine, 5-methylcytosine, N6- methyladenine, 7- 
methylguanine , 5 -methylaminomethyluracil , 5 -methoxy- 
aminomethyl-2 - thiouracil , beta-D-mannosylqueosine , 

25 5'methoxycarbonylmethyluracil, 5-methoxyuracil, 2- 

methylthio-N6-isopentenyladenine, uracil- 5 -oxyacetic acid 
methylester, uracil -5- oxyacetic acid, wybutoxosine, 
pseudouracil , queosine, 2-thiocytosine, 5- 
methyl- 2 -thiouracil, 2 - thiouracil , 4 -thiouracil, 5- 

30 methyluracil, N-uracil-5-oxyacetic acid methylester, 
uracil - 5 - oxyacetic acid, pseudouracil , queosine , 2 - 
thiocytosine, and 2,6-diaminopurine. A particularly 
preferred pyrimidine is 5-methylcytosine. 



35 
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The invention is directed to new compoiinds 
which are useful in oligonucleotide therapy and 
intermediates in their production, as well to methods to 
synthesize these compounds and their intermediates. In 
5 general, the invention compounds show enhanced stability 
with respect to nucleases by virtue of their modified 
linkages, as well as enhanced ability to permeate cells. 
Desirably, multiple phosphodiester linkages in the 
unmodified oligonucleotides are sxibstituted by 
10 corresponding -Y-CX2-Y- linkages. Though it is preferred 
that these substituent linkages be non-chiral in nature 
to enhance the ability to hybridize, useful coir5)Ounds of 
the invention include those where each X is chosen 
independently. Thus chiral forms may also be used, and 
15 where multiple formacetal/ketal or analogous thio- linked 
linkages occur in the oligonucleotide, a ntmober of 
embodiments of X- may be included. 

As stated above, in the linking moiety -YCX^Y-, 
one or both of the Y is sulfur and any other is 0. 
20 Particularly preferred is that embodiment of the form 
S'-SCXjO-B'. In this designation, the linkage is that 
wherein sulfur is bound to the 3' position of one 
nucleoside and oxygen is boxind to the 5' position of the 
adjacent nucleoside. Thus, the designation 5' -Y^CX2Y^-3' 
25 indicates a dimer or longer oligonucleotide in which the 
5' designation indicates the 5' terminus of the dimer or 
oligonucleotide and the 3' designation indicates the 3' 
terminus of the ddLmer or oligonucleotide. 

The presence of sulfur in the linkage of the 
30 formula -YCX2Y- may be advantageous in that the length of 
the carbon- sulfur bond corresponds more closely to the 
length of the phosphorus -oxygen bond in the native 
oligonucleotide. Furthermore, greater scope is possible 
in connection with the substituent X groups as further 



35 
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described below, since the thio analogs are more stable 
to hydrolysis, especially iinder acidic conditions. In 
addition, the preparation reactions may proceed more 
smoothly due to the enhanced nucleophilicity of the SH 
5 group in the intermediates. 

For ease in representation, the structure of 
the "wild type" oligonucleotides (and their derivatives 
as defined above) will sometimes be shown in the 
following shorthcuid form: 



15 




In this representation, B represents the usual 
purine or pyrimidine bases such as A, T, C, G as well as 
any modified forms of these bases that might be desirable 
in a particular therapeutic or coir5)ound. It is also 
understood that for some particular applications, one or 
more of these "B" groups may be replaced by any arbitrary 
substituent so long as that substituent does not 
interfere with the desired behavior of the oligomer. In 
most cases, these may be replaced by other purines or 
pyrimidine STibstituents as defined above. 

The corresponding shorthand for one group of 
the modified oligomers of the invention is, similarly, 



35 
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where siinilar remarks apply to the nature of B and to the 
possibility of derivatization. In addition, as the link- 
ages of the invention are stable to nuclease attack, in 
5 addition to modified forms of DNA, similarly modified 
forms of RN& are included in the invention. 

It should be clear that the invention compounds 
are not limited to oligomers of homogeneous linkage type, 
and that alternating or randomly distributed 
10 phosphodiester (or other substituted) and -YCXjY- 

linkages are contenplated. Since the oligomers of the 
invention can be synthesized one nucleotide residue at a 
time, each individual linkage, and the nature of each 
individual "B" sxibstituent can be chosen at will. Thus, 
15 the linkage of the formula -YCX2Y- may be included 
alternating with conventional diester linkages or 
alternative linkages or may be randomly included in the 
oligomer, or may assume any pattern desired consistent 
with the intended use, 
20 X must be of such a nature so as to be 

stabilizing of the sxibstitute invention link. For 
embodiments wherein both Y are 0- i.e. -OCXjO-; alkyl 
substituents are tinworkable unless one X attached to the 
ketal C is compensated by a high electron withdrawing 
25 ability of the other. However, for embodiments of the 
present invention of the formula -Y^CXjY^- wherein at 
least one of Y^ and Y^ is S, the presence of alkyl groups 
as embodiments of X is tolerated. Preferred embodiments 
of X thus include H, allqrl (1-6C), halide, carboxyl or an 
30 allqrl (1-6C) ester or alkyl (1-6C) amide thereof; -SOR or 
-SO^R wherein R is an organic residue, typically alkyl 
{1-6C); -car, CHF2 or -CF^. Other embodiments of X 
include electron withdrawing groups separated from the 
linking C of -YCXj^' ^"3 methylene groups; i.e., X is 
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-(CH2)j^W wherein n is 1-3 and W is an electron 
withdrawing subs tituent. In general, the greater the 
value of n, the more electron withdrawing W should be. 
Typical embodiments of W include halo, carboxyl or an 
5 alkyl {1-6C) ester or alkyl (1-6C) amid thereof, 
phosphate or phosphonate, or an alkyl (1-6C) ester 
thereof, SOR or SOjR, wherein R is alkyl (1-6C), CN, NO2 
CF3, CHF2' (wherein R is alkyl l-SC) and primary, 

secondary, or tertiary amines • W may further contain a 

10 heteroatom, such as hydroxymethyl , or substituted 

hydroxymethyl , such as those embodiments wherein W is 
OCH^OCHjOH, or e.g., OCH2CH2OH. 

In addition, both X together may constitute a 
cyclic substituent containing at least one heteroatom. 

15 In these embodiments, CSC^ may thus be, for exaiaple. 



o 



25 
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15 



20 
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Suitable X substituents include, therefore, -H, 
25 F, -CI, -Br, -COOH, -COOCH3, -00001(^3)2/ •CONHCH3, 
-CHF2, -CF3, -CH2COOCH3, -CH2CONHCH2Cai3, -CH2CH2COOH, 
-CH2CH2NH2, -CH2CH2NHCH2CH3, -CH2CH2CF3, and so forth. 
If the Xs are different, both Xs together must confer 
sufficient electron withdrawing ability to stabilize the 
30 oligomer. 

Peurticularly preferred are embodiments wherein 
both X are H or F or where both X taken together are 
-(CH2)20(CH2)2. 

35 
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The linkages of the invention wherein one or 
more of the linking oxygens is replaced by a sulfur are 
inherently more stable than their oxygen containing 
analogs. Thus, linkages of the formula -OCXjS-, -SCX2O-, 
5 and -SCXjS-, are less demanding of electron withdrawal 
than the linkage -OCX^O-- These may be alkyl, or even 
phenyl, so long as the phenyl contains an electron 
withdrawing substituent in the appropriate position 
e.g. 2-nitro, 4-nitro or 2,4-nitrophenyl. Of course, the 
10 linkage -SCX^S- is the most tolerant of electron 
donation* The extent to which the spectrum of 
substituents for X can be extended into those which are 
potentially electron donating ccui readily be determined 
by sin5)le assays of stability of the resulting product, 
15 and this determination, and a good deal of predictability 
of the tolerance of these linkages, is within the 
ordinary skill of the art. However, embodiments wherein 
both X and H are preferred. 

It should further be noted that if X, itself, 
20 contains a functional group, X can be used to tether 
desired moieties useful as adjuncts in therapy, for 
example, intercalators or minor groove reactive 
materials, such as netropsin and its derivatives, 
anthramycin, quinoxaline antibiotics, actinoirtycin, and 
25 pyrrolo (1-4) benzodiazepine derivatives. 

The oligomers of the invention may contain an 
arbitrary member of the -YCXjY- linkages of the 
invention. These may be identical to each other or 
different by virtue of the embodiments chosen for X, 
30 and/or by virtue of the choice of -OCX2O-, -SCX^O- , 

-OCXjS- or -SCXjS-. Since the oligomers are prepared 
sequentially, any pattern of linkage types, base 
substituents, and saccharide residues may be used. 
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In some preferred embodiments, the -YCXjY- 

linkages alternate in a regular pattern. Preferred 

embodiments include oligomers which contain, for exair5)le, 

a series of 3-8, -YCSCjY- linkages alternating regularly 

5 with respect to regions of diester linkages. 

Particularly preferred are alternating structures wherein 

a -YCX2Y- linkage is followed by a phosphodiester 

followed by a -YCX-5Y- followed by a phosphodiester, etc., 

I 

so that there is a one-by-one alternation of the two 
10 types of linkages. Additional alternatives might 
include, for example, a thioformacetal type linkage 
followed by two diesters followed by a single 
thioformacetal type linkage followed by two diesters, 
etc. A variety of regularly variant patterns is readily 
IS derived. 

It is also clear that arbitrary modifications 
may be made to one or more of the saccharide residues; 
for example, xylose or deoxyxylose residues or hexose 
residues may be substituted. However, for the most part, 

20 the standard 3' -5' nucleotide linkage between ribosyl or 
deoxyribosyl residues is most convenient. Where this is 
the case, further abbreviation of the structures may be 
used- For example, in standard DNA (or RKA) the 
sequences are generally denoted by the sequence of bases 

25 alone, such as, for example, ATG CGC TGA. In general, it 
is simply stated in advance whether this represents an 
RNA or DNA sequence. In the coirpoxinds of the invention, 
similar notation will be used for modifications of 
otherwise physiological DNA or RNA molecules but the 

30 phosphodiester linkages replaced by the -YCXjY- type will 
be noted in the structure. Thus, 5' -ATG (SCXjO) GTCA 
(SCX^O) AGG-3' indicates an oligonucleotide ATGGTCAAGG 
with two of the phosphodiester linkages modified in the' 
noted positions. This is further abbreviated generally 



wo 92/19637 



PCr/US92/03385 



-17- 

below as ^. Thus, the designation 5'ATG^6TCAtA663' may 
also be used. 

The modified oligomers of the invention are, as 
stated above, useful in applications in oligonucleotide 
5 therapy. The specific targets of such therapies include: 
viral diseases, malignant cell growth, bacterial 
diseases, and, in fact, any condition associated with the 
presence of a characteristic DNA or RNA or products 
thereof. The compounds of the invention can be applied 

10 in the same manner as alternative modified 

oligonucleotide analogs, and the manner of such 
application is conventional in the art. 

Similarly, like the unmodified counterparts, 
the oligonucleotides of the invention are capable of 

15 binding specific teirgets in diagnostic or analytical 
assays. The manner of conduct of such assays using 
oligonucleotides as specific binding reagents is well- 
known in the art. 

20 B. Utility and Admiqistratior^ 

Accordingly, the modified oligomers of the 
invention are useful in therapeutic, diagnostic and 
research contexts. In therapeutic applications, the 
oligomers are utilized in a manner appropriate for 

25 oligonucleotide therapy in general— as described above, 

oligonucleotide therapy as used herein includes targeting 
a specific DNA or RNA sequence through complementarity or 
through any other specific binding means, for example, 
sequence-specific orientation in the major groove of the 

30 DNA double-helix, or any other specific binding mode, or . 
targeting any biologically relevant molecule, such as a 
protein. For such therapy, the oligomers of the 
invention can be formulated for a variety of modes of 
administration, including systemic and topical or 

35 
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localized administration • Techniques and formulations 
generally may be found in Remincrton ^a Pharmaceutical 
Sciences . Mack Piiblishing Co., Easton, PA, latest 
edition. 

5 For systemic administration, injection is 

preferred, including intramuscular, intravenous, 
intraperitoneal, and subcutaneous. For injection, the 
oligomers of the invention are formulated in liquid solu- 
tions, preferably in physiologically coir5)atible buffers 
10 such as Hank's solution or Ringer's solution. In addi- 
tion, the oligomers may be formulated in solid form and 
redissolved or suspended immediately prior to use. 
Lyophilized forms are also included. 

Systemic administration can also be by 
15 transmucosal or transdennal means, or the compounds can 
be administered orally. For transmucosal or transdermal 
administration, penetrants appropriate to the barrier to 
be permeated are used in the formulation. Such 
penetrcuits are generally known in the art, and include, 
20 for example, for transmucosal administration bile salts 
and fusidic acid derivatives. In addition, detergents 
may be used to facilitate permeation. Trsuasmucosal 
administration may be through nasal sprays, for exanple, 
or using suppositories. For oral administration, the 
25 oligomers are formulated into conventional oral 

administration forms such as capsules, tablets, and 
tonics . 

For topical administration, the oligomers of 
the invention are formulated into ointments, salves, 
30 gels, or creams, as is generally Icnown in the art. 

In addition to use in therapy, the oligomers of 
the invention may be used as diagnostic reagents to 
detect the presence or absence of the target sequences to 
which they specifically bind. Such diagnostic tests are 
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conducted by hybridization through base complementarity, 
triple helix formation, or complex formation with other 
targets which is then detected by conventional means. 
For example, the oligomers may be labeled using 
radioactive, fluorescent, or chromogenic labels and the 
presence of label boimd to cort5)lex detected. 
Alternatively, the presence of a double or triple helix 
or other coir5)lex may be detected by antibodies which 
specifically recognize these forms. Means for conducting 
assays using such oligomers as probes are generally 
known. 

In addition to the foregoing uses, the ability 
of the oligomers to inhibit gene expression can be 
verified in in vitro systems by measuring the levels of 
15 expression in recombinant systems. 

It may be commented that the mechanism by which 
the specifically-binding oligomers of the invention 
interfere with or inhibit the activity of a target RNA or 
DNA is not always established, and is not a part of the 
20 invention. If the oligomer seeks, for example, a target 
mRNA, translation may be inhibited. In addition, by 
binding the target, the degradation of the mRNA message 
may be enhanced, or the further processing of the RNA may 
be inhibited. By formation of a triple helix, the 
25 transcription or replication of the subject DNA may be 
inhibited; furthermore, reverse transcription of 
infectious RNA or replication of infectious DNA is 
interfered with. It is also thought that the immune 
function may be modulated through physiological 
mechanisms similar to those induced by doxible- stranded 
RNA as exeii?>lified by the "ait5)ligen" system or similar to 
those used to suppress systemic lupus erythematosus. It 
is also possible to design oligomers that bind to 
arbitrary target molecules, such as proteins. The 
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oligomers of the invention are characterized by their 
ability to target specific substances, including proteins 
and oligonucleotides regardless of the mechanisms of 
targeting or the mechanism of the effect thereof. 
5 Finally, it is understood that the oligomers 

can be derivatized to a variety of moieties which 
include, intercalators, chelators, lipophilic groups, 
label, or any other substituent which modifies but does 
not materially destroy the oligomeric character of the 
10 backbone. 

C. Synthesis 

PCT application WO 91/06629 sets forth schemes 
1-4, reproduced below, which specifically provide methods 

15 to obtain dimers with the linkage -OC^O- (reaction 

scheme 1) ; to obtain a nucleoside with an SH substituent 
in the 5' position (reaction scheme 2) ; to obtain a 
monomer with a blocked S- substituent at the 5' position 
and a substituent of the formula -0CH2SMe at the 3' 

20 position (reaction scheme 3); and the condensation of 

this monomer with the monomer prepared in reaction scheme 
2 to obtain a dimer containing an internucleoside linkage 
of the formula S'-OCHjS-S' (reaction scheme 4); a 
description of methods which are analogous to those 

25 described in PCT application WO 91/106629 for the 

preparation of oligomers with linkages of the formulas 
S'-SCXjO-S' and -SCXjS- were also described therein. 

In addition to the compounds of the present 
invention, the present application is directed to an 

30 improvement to the steps shown in reaction scheme 1 and 
to the methods of synthesis shown in reaction schemes 5- 
8. All of reaction schemes 1-4 and a description thereof 
are repeated here for convenience - 
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Schemes 1-4 and 8 show structural formulas as 
traditionally drawn. In schemes 5-7, cuid is an 
alternative representation of scheme 8, notation is 
substituted wherein the indicated nucleoside is 
5 designated by the corresponding starred base. Thus, the 
starting materials in Reaction Scheme 1 would be shown as 
5'DMTO-T*-OH-3' and 5'HO-T*-OSiMe2Tx 3', and the product 
of step 3 as 5'HO-T*-OCai20-T*-OSiMe2Tx 3'. Generally, 
the single reactants are represented 5'PrO-B*-OPi 3' and 
10 the products are represented 5'PrO-B*-YCX2Y-B*-OPr 3' 

wherein B* represents a nucleoside residue, Y and X are 
as above-defined, and each Pr is independently H, a 
protecting group, or a phosphate/phosphite reactive 
group . 

15 Schemes 1-8 show illustrative procedures for 

preparing the oligonucleotides of the invention. In the 
schemes as shown, for simplicity, X is shown as H, and 
particular pyrimidine bases are used for illustration. 
Further, the schemes show the synthesis of dimers from 

20 individual nucleosides. However, these reaction schemes 
may be generalized for the embodiments set forth herein 
of X in the linkage -YCX2Y-. Also oligonucleotides may 
be substituted for the nucleosides. If a protecting 
group is indicated on the nucleoside shown in the 

25 schemes, or referred to in the exanples, the protecting 
group then resides at the corresponding position at the 
5' or 3' terminus of the oligonucleotide. 

In a preferred manner of conducting the 
reaction schemes at least one of the moieties to be 

30 linked is a single nucleoside, while the other may be an 
oligomer of arbitrary length. Thus, the illustrated 
linkages can be sequentially provided to obtain an 
oligomer of any length. If both reactants are, however, 
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oligomers, it is preferred that at least one reactant be 
relatively short- -for exairqple, a dimer or trimer. 

In one general approach, the oligomers 
(including dimers and trimers) of the invention which 
5 contain substituted formacetal/ketal linkages are coupled 
using a modification of the disaccharide synthesis method 
of Nicolaou, K.C., et al. J Am Chem Soc (1983) 10^:2430. 
The nucleosides to be coupled are protected in the 
positions where participation in the linkage is not 

10 desired; one partner is treated with a reagent such as 
ClCXjSMe in the presence of a base and in an inert 
solvent to form a thioacetal intermediate. This 
activated nucleoside is then reacted with the nucleoside 
to which it is to be coupled, said nucleoside protected 

15 at all positions other than the hydroxyl (or sulfhydryl) 
intended to form the linkage. This reaction may be 
conducted in the presence of N-bromosuccinimide and a 
sterically hindered weak base to obtain the protected 
dimer. The resulting suitably deprotected dimer can then 

20 be extended by repeating this conjugation. The use of 
this general approach to the formation of a f ormacetal 
linked trimer is shown in Reaction Scheme 1. 
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In step 1, thymidine protected at the 5' 
position with, for exainple, dimethoxytrityl (DMT) is 
converted to the methyl thioacetal or other thioacetal. 
The CICH^SCH^ reagent shown may be replaced by the 
5 corresponding bromide, or other thioethers of the general 
formula CICX2SR or BrCXjSR. The reaction in step 2 is 
conducted in the presence of N-bromosucciniraide (NBS) and 
2,6-di-t-butylpyridine (2,6 DTBP) in methylene chloride 
for reaction of the thioacetal with a 5' hydroaqrl of 

10 thymidine protected at the 3' position with thexyl 
dimethylsilyl. It should be noted that the hindered 
pyridine, 2,6-t-butylpyridine is required in step 2 since 
the less hindered dimethyl form is alkylated by the 
activated acetal. This results in the protected dimer 

15 containing the desired formacetal/ketal linkage. 

Deprotection in acid liberates the 5' position from the 
protecting trityl group, providing a dimer which can then 
be reacted with the 5'-DMT-3'- methylthioacetal as in 
step 2 in an additional step 4 to obtain the protected 

20 trimer, which can be deprotected as in step 3 in an 
additional step 5, 

These steps can be repeated choosing any 
derivatized nucleoside for the 5 '-protected 
3' -derivatized reagent in a reaction analogous to step 2 

25 to obtain oligomers of any desired length. 

In a modified form of the scheme shown in 
Reaction Scheme 1, improved yields are obtained by 
utilizing, instead of NBS and 2,6 DTBP, treatment with 
bromine in the presence of 2, 6-diethylpyridine and 

30 molecnlar selves, followed by treatment by tetrabutyl 

ammonium fluoride in a tetrahydrofuran (THF) solvent. In 
this alternative approach, the dimer deprotected in the 
3' position is obtained, although the DMTO protection at 
the 5' position is retained. In general, the 5' DMTO- 
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T*-0C3l2SCH3 monomer is mixed with a slight excess of the 
5'HO-T*-OSiMe2Tx monomer and is further mixed with 2,6- 
diethylpyridine in an inert solvent. This is followed by 
the addition of dissolved bromine and the mixture is 
5 stirred for several hours at room tenqperature. After 
extraction with mild base, the organic fraction is 
redissolved in aprotic polar solvent and treated with a 
solution of tetrabutyl ammonium fluoride at room 
temperature for 10 minutes -about 1 hour. The condensed 

10 dimer is recovered by extraction into an organic solvent 
from base and purified using conventional means. 

Reaction Schemes 2, 3 and 4 show the production 
of dimers and trimers which have linkages of the form 
B'-OCXjS-S'. Reaction Schemes 2 and 3 show the 

15 preparation of the individual components of the dimer. 
Reaction Scheme 4 the dimer formation. Thymidine 
derivatives are also used in this exair^Jle. 
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Reaction Scheme 2 describes the preparation of 
the 3 '-protected thymidine having SH in the 5' position. 
As shown in the sequence of reactions, a 5' 
dimethoxytrityl thymidine is silylated using thexyl 
5 dimethylsilyl chloride. The resulting 3' -silylated sugar 
is hydrolyzed in 80% acetic acid and the 5 '-hydroxy is 
then activated using p-tolylsulfonyl chloride in 
pyridine; the p-tolylsulfonyl group is then replaced 
using a salt of thioacetic acid as described by Reist, 
10 E., et al., ^ ^ Chem 3oc (1964) 2^:554. The 

acetalthioester can be stored, and is hydrolyzed im- 
mediately prior to use to prevent disulfide formation, as 
described in the Reist paper. 

Reaction Scheme 3 describes the activation of 
15 the 3 'OH subsequent to conversion of the 5' position to a 
protected sulfhydryl, if desired. As shown, the 
5 ' dimethoxytrityl protected thymidine is alkylated with 
chloromethylthiomethane in THF using sodium hydride as a 
base and sodium iodide as a catalyst. To obtain the 
20 3'thioacetal other reagents besides 

chloromethylthio-methane may be used, such as 
chloromethylthiobenzene and chloromethyl-2-thiopyridine, 
or the corresponding bromides of any of the above. These 
may even be superior or lead to thioacetal products which 
25 have leaving groups superior to the methylthio shown. 

The protecting dimethoxytrityl group is then removed with 
80% acetic acid, for exair5)le, and activated and converted 
to the thioester as was described in Reaction Scheme 
2- -activation with tosyl chloride, followed by treatment 
30 with a salt of thioacetic acid. 

The acetal thioester may itself subsequently be 
used in the condensation reaction with the product of 
Reaction Scheme 2, but superior methods for protection of 
the SH are available, in one such scheme, the 
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acetal/thio group is hydrolyzed and the resulting 
sulfhydryl reacted with dimethoxytrityl chloride or 
trimethoxytrityl chloride generating a trityl sulfide, 
according to the procedure of Hiskey, R-G. et al*, J O^;:^ 
5 Chem (1966) 11:1188. Subsequent deprotection is effected 
under mild acid conditions. In a second approach, the 
hydrolyzed free SH group is reacted with dinitrophenol 
sulfonyl chloride, thus generating a disulfide group, 
according to the method of Fontana, A., i7 Cfagpi Sqg Q^gm 
10 Commun (1975) 976. The disulfide can be removed with 
reducing agents such as raercaptoethanol or sodium 
borohydride. Both of these alternative schemes of 
protection result in a visible color when deprotection is 
conducted. 

15 The protected thioacetal monomer resulting from 

scheme 3 is then reacted with the 3 '-protected 5' 
sulfhydryl product of Reaction Scheme 2 as shown in Re- 
action Scheme 4. The components are mixed in slightly 
less than an equivalent of N-bromosuccinimide in the 

20 presence of an excess of a hindered base, such as 2, 

6-di-t-butyl pyridine as shown. The NBS and 2,6-DTBP are 
first added to the blocked thioacetal and the activated 
3' thioacetal thymidine is then reacted with the 5' SH 
thymidine. This order of addition is required to prevent 

25 the side reaction of the reagents with the 5'SH group. 

As for Reaction Scheme 1, improved yields are obtained by 
substituting treatment of the con5>onents with 2, 6 -diethyl 
pyridine and bromine (Br2) for NBS and 2,6-DTBP. The 
resulting dimer can be extended as shown in Reaction 

30 Scheme 4, or as many times as desired by repeating the 
condensation reaction with another equivalent of the 
thioacetal . 

The 3' thionucleosides are also available in 
the art, and can be synthesized as described by 
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Zuckermann, R. et al., Nucl Aclda Rpa (1985) 1S:S305 and 
3' thiothymidine has been used for the synthesis of 
oligonucleotides as described by Cosstick, R. et al. Tet 
Lett (1989) 10:4693-4696, cited above. The 3' 
5 thionucleosides can be converted to the dithio analogs of 
the acetals in a manner analogous to the first steps of 
Reaction Scheme 1 or Reaction Scheme 3 to provide a 
suitable leaving group for nucleophilic attack by either 
an SH or OH at the 5' position of the adjacent * 

10 nucleoside, in a manner analogous to that shown in 

Reaction Scheme 1 or 4. Thus, in a manner analogous to 
the methods shovm for the preparation of the 
formacetal/ketal and the linkage of the fonttula -OCX^S-, 
dimers, trimers, amd oligomers with linkages of the 

15 formulas -SCX2O- and -SCXjS- can be obtained. 

A modified approach to obtaining the 
5'-0CX2S-3' (-SCX2O-) linkages is shown in Reaction 
Scheme 5* 

20 5' MeSCH20-T*-0SiMe2Tx 3' 1) Br2 ,2, 6 -diethyl 

pyridine 

+ » 

* 2) Bu-NF/THF 

5' DMTO-T -SH 3' ^ 

25 

5' DMT0-T*-SCH20-T*-0H 3' 

Reaction Scheme 5 

30 



35 



The starting material, 5' -methylthiomethyl-3 ' - 
t-butyldimethyl silyl thymidine, is first prepared by 
reduction of 3 ' -t-butyldimethyl silyl thymidine by a 
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suitable hydride by reaction at room temperature followed 
by addition of sodium iodide and chlorometiiyl methyl 
sulfide. This reaction mixture is mixed for 1 hour at 
room temperature and diluted with an inert solvent and 
5 the activated, protected thymidine 5' MeSCH20-T*-0SiMe2- 
Tx 3' is purified. 

To form the dimer, 5' DMTO-T*-SH 3' is mixed 
with an excess of 2, 6-diethylpyridine in am inert 
solvent. To this solution, after stirring for a suitable 
10 period at room tenqperature, an approximately 1 M solution 
of bromine in inert solvent is added. This solution is 
also stirred for about 30 minutes and the 5'-DMT-3'- 
thiothymidine, dissolved in an inert solvent, is then 
added. 

15 The reaction mixture is held at room 

tenqperature for 1-3 hours, preferably around 2 hours and 
the reaction mixture is worked up to isolate the dimer 
product 5' DMT0-T*-SCH20-T*-0H 3', The reaction can be 
repeated as desired to form trimers or higher oligomers 

20 by rederivatizdLng the 3' OH of the dimer to form the 

silylate and deprotecting and activating the 5' position 
of the dimer to obtain the methyl thiomethyl ether of the 
formula 5' MeSC3l20-T*-SCH20-T*-0SiMe2Tx 3'. This is then 
reacted with 5' DMTO-T*-SH 3' as set forth in Reaction 

25 Scheme 5. Alternatively, corresponding dimers prepared 
as in Reaction Schemes 1 or 4 may be activated at the 5' 
position and reacted with the 5' protected, 3' SH 
nucleoside . 

Reaction Schemes 6 and 7 show the syntheses of 
30 linkages of the formulas -OCF2O- and the corresponding 
linkage wherein X2 conqprises the residue of a dioxane 
ring. 

In Reaction Scheme 6, advantage is taken of the 
reactivity of thiocarbonyl imidazole to activate a free 
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3' -OH group in a protected thymidine nucleoside. The 
activated nucleoside is then condensed with a 5' -OH, 
3 ' -protected nucleoside to obtain the dimer linked 
through -OCSO- . The intermediate dimer is then 
desulfurized and fluorinated by treatment with 
diethylamino trifluoro sulfur (DAST) in the presence of 
acetonitrile. 
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In more detail, the 5' protected thymidine is 
reacted with the thiocarbonylimidazole in the presence of 
ace tonit rile under an inert atmosphere at elevated 
temperatures of aJaout 60 "C, for 12-24 hours, preferably 
about 16 hours or until reaction is complete. After 
cooling, the condensation product is recovered in an 
organic layer and treated with the 3' protected 
thymidine, again in the presence of acetonitrile, to 
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obtain the -OCSO- linked dimer. The formation of dimer 
takes place xinder an inert gas in a sealed vessel at 
about 80*»C for about 48 hours. After dilution with inert 
solvent such as methylene chloride, the dimer is 
5 recovered and purified for example by colximn 
chromatography . 

The purified material is then dried and 
desulfurized and fluorinated by treatment with DAST in 
the presence of dry acetonitrile under inert gas* at about 

10 40 °C for about 16 hours. The product containing the 
-OCF2- linkage is then recovered. 

Reaction Scheme 7 shows the synthesis of the 
dimer linked through a tetrahydropyran ketal. In 
Reaction Scheme 7, as shown, Bz represents benzoyl, Pv 

15 represents pivaloyl, and TSA is toluene sulfonic acid. 



4-methoxy-2 , 3 -dihydropyran 
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As shown generally, the 3' -benzoyl thymidine is 
reacted with 2, 3-dihydro-4-methoxypyran to obtain the 
5' -derivatized 3' -benzoyl thymidine. The 5^ position, 
5 derivatized to the 4-methoxytetrahydropyran-4-yl 
substituent, is then reacted with a 5' -protected 
thymidine to obtain the tetrahydropyran ketal. The 
condensation to form the dimer is conducted in the 
presence of molecular sieves under inert gas with 

10 stirring at about 20«C for about 16 hours. After this 
period, p-toluenesulfonic acid (which has been dried) is 
added to the reaction mixture and the reaction is then 
agitated for about 2 more hours at about 50**C imder inert 
gas. The reaction is cooled to about 20^C and quenched 

15 using triethylamine. The dimer, still protected at the 
5' and 3 '-positions is then purified using 
chromatographic methods. The steps of Reaction Scheme 7 
can be repeated to obtain trimers or oligomers of any 
length, or the dimer may be used as a synthon for 

20 extensions with other nucleosides, dimers or oligomers. 

For reaction schemes wherein the resultant 
retains the silyl protecting group, the resulting dimer, 
trimer or oligomer may be desilylated with tetrabutyl 
ammonium fluoride (TBAF) in an inert solvent such as THF 

25 and succinylated as a convenient linker for coupling to a 
solid support, such as controlled pore glass (CPG) . The 
coupled modified oligomer can be used as a starting 
material for standard oligonucleotide synthesis, as, for 
exaitple, using H-phosphonate chemistry as described by 

30 Froehler, B., et al., Nucleic Acids Res (1986) li:5399. 
This synthesis involves deprotection of the 5' hydroxyl 
using dichloroacetic acid in methylene chloride and 
treatment with a 5' DMT-protected base 3' phosphonate in 
the presence of acetal chloride/pyrimidine/acetonitrile, 
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and repetition of this deprotection and linkage protocol 
for any desired niomber of times. 

Alternatively, the liberated 3' -OH can be 
linked via an ester linkage to a solid support analogous 
5 to standard oligonucleotide synthesis (Matteucci, M. et 
al., J Am Chom Soc (1981) lfll:3185, for extension of 
oligonucleotide . 

Reaction scheme 8 shows an additional preferred 
method for the synthesis of oligomers containing a 
10 linakge of the form 5'-SCH20-3'. In the first 

representation, the synthesis of a dimer of thymidine 
(T*) and S -methyl cytidine (C*) is used as illustration. 
In the second representation a dimer of thymidine is 
prepared. 
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As shown in reaction scheme 8, a nucleoside 
protected at the 3' position by esterif ication is first 
reacted with paraformaldehyde in the presence of HCl to 
obtain the derivatized nucleoside containing the 
5 substituent ClCHOj- at the 5' position. The nucleoside 
can be esterif ied using, for example, a long- chain alkoyl 
or aromatic acid, such a decoyl, hexoyl, benzoyl, or 
phenoxyacetyl . In this first step, the 3' -esterif ied 
nucleoside is treated with an excess of paraformaldehyde 

10 in an inert solvent at low temperature and anhydrous HCl 
is bubbled through the reaction mixture for one to 
several days. The solution is conveniently dried and the 
solvent removed to obtain the intermediate. 
The intermediate, shown as the 

15 chloromethylether (ClCHjO-) at the 5' position of the 
nucleoside, is then dissolved in an inert solvent. A 
solution of a second nucleoside protected at the 5' 
position, for example by DMT, and bearing am -SH 
substituent at the 3' position along with a base in an 

20 inert solvent, preferably diisopropylethylamine (DIPEA) 

is also prepared. The chloromethyl ether intermediate is 
added dropwise to this solution and the reaction mixture 
is stirred for several hours . 

The reaction is stopped with base, such as 

25 aqueous sodium bicarbonate, and the organic layer is 
separated and dried to obtain the dimerized product 
having the 5'-SCH20-3' linkage and protected at the 5' 
and 3' positions, as above. The resulting dimer is then 
deprotected at the 3' position, if desired, by treatment 

30 with base, such as ammonia or sodium methoxide, and then, 
if to be used in standard oligonucleotide synthesis 
processes, activated to form the phosphonate using 
2-chloro-4H-l,2, 3-ben20dioxaphosphorin-4-one (van Boom's 
reagent) (PA) in the presence of Et^NH. 
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While all of the foregoing schemes have been 
described as condensations of single nucleosides to 
obtain dimers, it is evident that oligomers could be 
substituted for either or both of the monomeric 
5 nucleosides. The protective groups indicated with 

respect to the individual nucleosides then reappear at 
the relevant 3' or 5' terminus of the corresponding 
oligonucleotide used. 

Additional -YCX2Y- linkages can be inserted in 
10 the oligomer by activating to a suitable linkage forming 
group the dimers , trimers , pentamers , etc • , obtained as 
set forth in Reaction Schemes 1-7 and using these as the 
adducts in the oligomeric chain extensions. The final 
product is removed from the solid support by standard 
15 procedures, such as treatment with iodine in a basic 
aqueous medium containing THP or other inert solvent, 
followed by treatment with ammonixim hydroxide. 
Deprotection of the nucleotide bases attached to the 
added nucleotides is also conducted by standard 
20 procedures. 

The -YCX2Y- linkage can be included at any 
arbitrary position in an oligonucleotide by substituting 
for a conventional monomer in the sequential synthesis, a 
protected dimer containing the -YCX2Y- linkage which has 
25 been synthesized as in Reaction Schemes 1 and 4-7, by 
supplying the dimer as a suitably protected and 
phosphate/phosphate- activated moiety. Thus either the 5' 
or 3' position of the dimer is provided with a protecting 
group and the other an activated form of 
30 phosphate/phosphite. The phosphate/phosphite is 

conveniently present as the triethylamine salt. This 
dimer is then incorporated at any desired location in the 
synthetic process using the standard steps of 
oligonucleotide synthesis . 
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Synthesis of the oligomer using standard 
techniques can be effected using the dimer synthons, for 
example, of the formula: 



10 



15 



20 




25 

Formula A 

or generally of the formula 5' PrO-B'-YCXjY-B'-OPr, 
30 wherein one of Pr is a protecting group and the other is 
an activated phosphate/phosphite. Utilization of a 
series of these synthons results in the one-by-one 
alternation of the formacetal and phosphodiester 
linkages. Extended regions containing phosphodiester . 

35 
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linkages are easily included by extending the chain with 
single nucleotides; extended regions containing the 
f ormacetal/ketal type linJcages are obtained by extending 
the dimers in protocols analogous to those set forth in 
5 Reaction Schemes 1-7. 

Any DNA synthesis chemistry such as 
phosphoramidate or phosphonate chemistry can be used to 
link monomers or dimers in a manner smalogous to that set 
forth above. 

10 The following exan5)les are intended to 

illustrate but not to limit the invention. 

Preparation A 
Preparation of 5^ TCT ggOTOTC!TTT(OCH,0)T(OCH^OJT^ 
15 See also: Matteucci, M.D., Tet Lett (1990) 

11:2385. 

Part A: Oligomer Preparation 

Preparation of 5^ Dimetho ^wtritvl 3 ' -Methvlthiomethyl 

20 thymidine (Step 1) : 

Dimethoxytrityl thymidine (Peninsula Labs) 
(0.94g) was rotovaped from pyridine two times and then 
from methylene chloride/toluene one time. The resulting 
foam was dissolved in 75 ml dry CHjClj and 10 ml of dry 

25 THF. 10 mg of Nal and .21g of NaH (60% dispersion in 

oil) was added under an argon atmosphere with stirring at 
20^C. After 15 min the bubbling stopped and the 
reaction was stirred for another hour. 
Cliloromethylthiomethane (158 ul) was added and stirring 

30 under argon continued for 16 hrs at 20°C. The reaction 
was quenched with IM NaHCO^/ extracted and the organic 
layer dried with NajSO^. The solution was then rotovaped 
to a foam and purified on a silica gel column using 5% 
isopropyl alcohol /CH^Cl^ as the eluent. Fractions were 

35 
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concentrated to a pure foam (yield 0.56q) 1„ . _ 

^ ^' H NMR spectra 

was consistent with assigned structure. 

Preparation of 2' Thexvldimethvlsilvl thvmiding> ; 

Dimethoxytrityl thymidine (Peninsula Labs) 
(ig), 20 ml of dry DMF, 193 mg of imidazole and 0,45 ml 
of thexyldimethylsilyl chloride were combined under argon 
and stirred for 16 hr at 20°C. The reaction was then 
quenched with 2ml MeOH and rotovaped to a foam, dissolved 
in EtOH (20 ml) and treated with O.S ml of dichloroacetic 
acid for 16 hr at 20°C. The reaction was quenched with 
IM NaHC03 extracted with caijClj. The organic layer 
was dried with NajSO^. This solution was rotovaped to a 
foam, dissolved in 5 ml of diethylether and precipitated 
into SO ml of hexane. The ether was rotovaped off as the 
white precipitate became heavy and upon filtration and 
drying, O.Sg of pure white foam was recovered. The 
NMR spectra was consistent with the assigned structure. 



Preparation of 5' OH 3' Thexvldime thvlsilvl thymidine 
formacetal thymidine (Ste ps 2 and 3) : 

5' dimethoxytrityl 3' methyl thiomethyl 
thymidine (78 mg) and 3' thexyldimethylsilyl thymidine 
(60 mg) were rotovaped from toluene and dissolved in 2 ml 
of dry toluene. 50 mg of activated 4A molecular sieves 
and Di-t -butyl pyridine (0.144 ml) were added and the 
reaction was stirred for 16 hr under argon. 
N-Bromosuccinimide (13 mg) was then added and the 
reaction stirred for 1 hr at 20°C. The reaction was 
quenched with IM NaHCO^ and extracted with CH^Clj. The 
organic layer was dried with NajSO^. The solution was 
rotovaped to a foam and then treated with 4 ml of 20% 
H^O/HOAc for 2hr at 20°C. The reaction was quenched in 
35 IM NaHCOj, extracted with CE^Cl^, dried with NajSO^ and 
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rotovaped to a foam. The foam was purified by silica gel 
chromatography using 3% to 10% ISOH/CH2CI2 as the eluent 
yielding 60 mgs of pure product after evaporation of 
solvent. The NMR spectra was consistent with the 
5 assigned structure. 

Preparation of 5^ D imethoanrtritvl 3' OH thymidine 
formacetal thymidine formacetal thymidine (StgP 3): 
5' OH 3' thexyldimethylsilyl thymidine* 

10 formacetal thymidine (55 mg) was combined with 

dimetho3qrtrityl 3' methyl thiomethyl thymidine (78 mg) and 
rotovaped from toluene. The resulting foam was dissolved 
in 2 ml of toluene/CH2Cl2 (l/D , 50 mg of activated 4A 
molecular sieves and di-t-butylpyridine (0.144 ml) were 

15 added and the reaction was stirred for 16 hr under argon. 
N-Bromosuccinimide (21 mg) was then added and the 
reaction stirred for 1 hr at 20^0. The reaction was 
quenched with IM NaHCOj and extracted with CH2C12- The 
organic layer was dried from Na2S0^. The solution was 

20 rotovaped to a foam and treated with 1 ml of tetrabutyl- 
ammonixam fluoride in THF for 3 hr, extracted, dried and 
evaporated in normal fashion. The resulting foam was 
purified by preparative silica gel thin layer 
chromatography using a 10* ISOH/CH2CI2 as the eluent. 

25 The ^H NMR was consistent with the desired structure 

(yield: 25 mg) . A small aliquot (5 mg) was deprotected 
at the 5' end in normal fashion. 

The resulting 5' OH 3' OH thymidine formacetal 
thymidine formacetal thymidine was used in further 

30 characterization. "^H NMR of this material in dg DMSO was 
consistent with the assigned structure. An aliquot of 
this was persilylated and a Past Atom Bombardment Mass 
Spectrum was recorded. This confirmed the desired 
molecular weight. Additionally the di OH material was 
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used in the chemical and enzymatic stability studies 
previously mentioned. 

Preparation of 5*' Dimethoxytritvl 3' succinylate 
5 thymidine formac etal thymidine formacetal thymidine : 

5' Dimethoxytrityl 3' OH thymidine formacetal 
thymidine formacetal thymidine (16 mg) was treated with 9 
mg of succinic anhydride and a trace of dimethylamino 
pyridine in pyridine for 16 hr at 20°C. The reaction was 
10 then rotovaped and extracted with 30% BUOH/CH2CI2 against 
H^O. The organic layer was dried, rotovaped and purified 
on a silica gel column using 10% HjO/CH^CN as the eluent. 
Rotovaping yielded 15 mg of product. 

15 Preparation of 5' > TCTCCCTOTCTTT(QCH^O) T (QCH ^ O) T-3 ^ : 

The 3' succinylated 5' -DMT thymidine formacetal 
thymidine formacetal thymidine from the previous 
paragraph was then bound to solid support and 
deprotected. Standard procedures were used to extend the 

20 oligomer to obtain the title compound. 

Part B; stability to Acid 
The purified product of paragraph (A) above was 
treated with 20% water/formic acid at 80*^C for 1 hr, 
25 resulting in conqplete hydrolysis. However, when 

siibjected to moderate acid treatment such as 1 M HCl at 
20°C for 3 hrs or 20% water/acetic acid at 45^C for 3 
hrs, no hydrolysis was observed. 

The title compound was also stable to snake 
30 venom phosphodiesterase \inder standard conditions for 
hydrolysis of phosphodiester bonds. 
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Part C: Hybridization to ComplementarY RNA 
An RNA. sequence conplementary to the title 
coinpound was generated using T7 transcription Milligan, 
T.F., et al.. Nucleic Acids Res (1987) 15:8783)* This 
5 SNA was used to test the ability of the title conpound to 
hybridize to its conpleraent as compared to analogous 
sequences wherein the acetal linkages are replaced by 
phosphodiesters , phosphorainidates , or wherein the 3' 
terminal thymidyl nucleotides were deleted. The melting 

10 temperatures of complexes formed with the title conpound 
and these controls were measured using 100 mM NaCl, 50 mM 
Tris, pH 7.5 xander standard coxiditions as described by 
Summers, M.F., et al.. Nucleic Acids Res (1986) 14:7421. 
The results are shown in Table 3, where "12mer" stands 

15 for the TCTCCCTCTCTT nucleotide sequence common to all of " 
the samples. In the third oligomer, "W" represents the 
substituent -CH2CH20Me in the amidate. 



20 



25 



Ta}3te 3 



12mer-T (OCHjO) T (OCH2O) T 59 . 0 

12mer-TTT 59.5 

12mer- T ( PONHW) T ( PONHS^) T 58.5 

12mer 56.5 



As shown in Table 1, the three thymidines 
linked through f ormacetal linkages confer additional 
hybridization capability on the 12mer as compared to the 
12mer alone. The additional hybridization is comparable 
to that conferred by extension by conventional 
phosphodiester linkages.. 



35 
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Part D; Binding fc o Duple^c DNA 

Using the footprinting method described in 
detail in Part C of Preparation B below, the 
formacetal- containing oligonucleotides of this example 
5 show ability to bind duplex DNA. 

Preparation B 
Preparation of 
5 ' TCTg f QCH^O) TC* (OCH^ O) (QCH ^ Q) TC f OCH^QTTTT- 3 ' 

10 or 5 ' rcrc . TC . TC . TC-'iTrr- 3 ' 

Pa^t A: — Preparation of Qliaomerg 
A series of four oligomers as shown, wherein C 
represents 5-methylcytosine and the dot between C and T 
15 represents a linkage varied among the series of four 
oligomers was synthesized. In the "phosphodiester" 
control oligomer, the dot represents a conventional phos- 
phodiester linkage. In the "methylphosphonate" oligomer, 
the dot represents a methylphosphonate linkage. In the 
20 "methoxyethyl amidate" oligomer, the dot represents a 

methoxyethyl amidate linkage. In the "formacetal" oligo- 
mers of the invention, the dot represents a formacetal 
linkage as described herein and as shown above. 

The phosphodiester oligomer was synthesized 
25 using the conventional techniques described by Froehler, 
B.C. et al.. Nucleic Acids Rea (1986) 14:5399. The 
remaining three oligomers were synthesized using this 
method, but with the incorporation of the appropriate 
dimer synthon. The methylphosphonate and the 
30 methoxyethyl amidate dimer synthons were constructed 
using 5' -DffT-N-benzoyl-S-methyldeoxycytidine and 
3-t-butyldimethylsilyl thymidine as described, 
respectively, by Miller, P.S. et al.. Biochemistry (1986) 
25:5092, and by Froehler, B.C., Tet Lett (1986) 22:5575. 
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The fonnacetal dimer synthon was prepared as described 
hereinabove and as reported by Mateucci, M.C. et al., Tet 
Lett (1990) 11:2385, cited above. The oligos resulting 
from the synthesis were deblocked with concentrated 
5 ammonia for 16 hours at 20^C and gel purified using 
conventional techniques* 



Part B; Hybridization to RNA Complement 
The contplementary RNA for use as a test 
10 compound was synthesized by T7 polymerase reaction on the 
appropriate primer ten5>late as described by Milligan, 
J.F. et al.. Nucleic Acids Res (1987) 1£:8783. 
Appropriate complementary DNA oligomers were also 
constructed. 

15 The hybridization was tested using thermal 

denattiration comparisons in buffer containing salts 
designed to mimic intracellular salt coii5)osition and 
concentration- -i.e., 140 mM KCl, 10 itiM NaCl, 5 nM 
NaHjPO^, 5 mM MgClj, pH 7. UV absorption was measured in 

20 the temperature range 20^C-80^C, and all oligomers gave 
monophasic transitions. T^ values were assicpaed by 
finding the teinperature at which the slope of the curve 
was maxiimim. 

These results are shown in Table 4. 

25 

Table 4 



30 



35 



m 

Oligomer ssRNA ssDNA 

Phosphodiester 60 . O^C 49 . S^C 

Methyl Phosphonate 50.5 

Meth03qrethyl Amidate 47.5 38.5 

Formacetal 59.0 39.0 
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As shovm in the table, the T of the formacetal 

vci 

oligomer in comparison to the phosphodiester is roughly 

5 equal for single -stranded RNA, On the other hand, the T 

m 

values for the alternate analogs methylphosphonate and 
methoxyethyl amidate oligomers was appreciably lower. 
Thus, despite the advantages conferred by the formacetal 
linkage- -for example, eiahanced ability to cross cfell 
10 membranes and enhanced nuclease resistance, no decrease 
in the hybridization power to single- stranded RNA was 
detected. 

Part C: Binding to Duplex DNA 
15 The "footprint"- assay described by Cooney, M. 

et al., Science (1988) 211:456, was used. The assay is 
based on the ability of the oligomer botxnd to duplex to 
protect the duplex from digestion with DNAse 1. Various 
concentrations of the test oligomer ranging from 0.1-10 
20 fM were incubated with a P^^ radiolabeled restriction 
fragment bearing the target sequence at 1 nM 
concentration in 10 iriM NaCl, 140 mM KCl, 1 mM MgCl2, 1 mM 
spermine and 20 mM MOPS buffer at pH 7 for 2 hours. The 
target sequence for the set of oligomers prepared in Part 
25 A of this exaicrple was 

^AGAGAGAGAGAAAA 

TCTCTCTCrCTlTT . 

30 DNAse I was added to permit limited digestion, the 
samples were then denatured and sxibjected to 
polyacrylamide gel electrophoresis which separates the 
DNA fragments based on size. 



35 
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An outline of the principle of the footprint 
assay and idealized results are shown in Figure 1. As 
shown in Figure 1, the labeled duplex, when treated with 
DNAse, should yield lengths of oligomer corresponding to 
5 cleavage at each diester linkage, thus obtaining the 
series of bands shown on the left in the idealized gel. 
On the other hand, when the duplex is protected by 
binding to the oligomer, the series of lengths 
represented by cleavage at the diester linkages in the 

10 region protected by binding to the oligomer is missing 
from the gel. This "footprint" indicates the region of 
protection. The results are semiguantitatively estimated 
by observing either the complete absence of, or only weak 
appearance of, bands in the region of the footprint. 

15 The formacetal oligomer and the phosphodiester 

oligomer showed partial protection of the target sequence 
at 0-1 /£M and more than 90% protection at 1 /xM 
concentration of the oligomer. On the other hand, the 
methojyethyl phosphoramidate and the methylphosphonate 

20 showed only partial protection at 1 ^ and >90% 

protection at 10 uM. Thus, these oligomers appeared to 
have markedly less affinity for the duplex than the 
formacetal oligomer. 



25 gywffpj-g i 

Pff^paration of 5'D MTQ-T*-OCH^O-T*-OH-3 ^ 
A mixture of 5' -DMTO-T*-OCH2SCH3 3', prepared 
as in Example 1 (0.9 g, 1.5 mmol) , 5' -H0-T*-0SiMe2Tx, 
also prepared as in Example 1 (0.8 g, 2.2 mmol), 2,6- 
30 diethylpyridine (1 g, 7.4 mmol) and molecular sieves {4A, 
2 g) in dry benzene (60 ml) was stirred at room 
teii?)erature (RT) for 1 hr. This was followed by addition 
ofl.5mlofal.0M solution of bromine in benzene (1.5 
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mmol) . The resulting solution was then stirred at RT for 
2 hr and washed with saturated aqueous NaHCOj solution. 

The organic solution was separated, dried 
(NajSO^), evaporated to dryness, then redissolved in dry 
5 THF (10 ml) and treated with 4 ml of a 1.0 M solution of 
tetrabutylammonium fluoride in THF at RT for 30 min. The 
reaction was concentrated and then partitioned between 
methylene chloride and saturated aqueous NaHCOj solution 
twice, dried, and evaporated to dryness. The residue was 

10 purified by flash colimn chromatography (silica gel) on a 
25 mm column using one column volume of 1% TEA/CH2CH2, 
then two column volumes of 1% TEA/2.5% CH3OH, and then 
one column volxme of 1% TEA/5% CH3OH/CS2CI2 . This 
afforded 0.84 g of product, 5' DMT0-T*-0CH20-T*-0H 3', as 

15 a colorless foam (71% yield). 



Example 2 
Preparation and Characterization of 
5* HQ-T*-SCH20-T*-0H 3' 

20 

Part A! Preparation of the Dimer 
To prepare 5' -methyl thiomethyl-3' -t- 
butyldimethyl silyl thymidine, to a THF solution (15 ml) 
of 3'-t-butyl dimethyl silyl thymidine (1.8 g, 5 mmol) 

25 was added sodium hydride (0.24 g, 10 mmol) . The solution 
was stirred at RT for 30 min; then sodium iodide {0.74 g, 
5 mmol) and chloromethyl methyl sulfide (0.53 g, 5.5 
mmol) were added. After 1 hr reaction at RT, the 
reaction mixture was diluted with methylene chloride (100 

30 ml), then washed with saturated NaHCOj aqueous solution 
twice. The organic phase was isolated, dried over 
Na2S04, concentrated to dryness, and purified by flash 
column chromatography on silica gel, affording 0.68 g of 
the 5' MeSCH20-T-0*SiMe2tBu 3' (32% yield). 
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The 5' MeSCH20-T-0*SiMe2tBu 3' from the 
preceding paragraph (0.55 g, 2.17 mmol) , 2,6- 
diethylpyridine {1,46 g, 11 mmol), and molecular sieves 
(4A, 5 g) in dry benzene (40 ml) were stirred at RT for 
5 30 min. This was followed by addition of 2.2 ml of a IM 
solution of bromine in benzene (2.2 mmol) - The resulting 
solution was stirred at RT for 30 min followed by 
addition of 5' -dimethoxytrityl-3' -thiothymidine (1.35 
mmol) in benzene (20 ml). The 3'-thio sugar is prepared 
10 as set forth in Horwitz, P., et al., J Org Chem (1964) 
21:2076, (Cosstick, R. , et al., Qiem Soc Chem Commun 
(1988) 992). 

After 2 hr reaction at RT, the molecular sieves 
were filtered off, washed with benzene, and the combined 

15 benzene solution was washed with saturated NaHCOj aqueous 
solution, dried (NajSO^) , and concentrated to dryness. 
The residue was redissolved in THF (3 ml) and treated 
with 3 ml of a IM THF solution of tetrabutylammonium 
fluoride at RT for 1 hr. The reaction mixture was 

20 concentrated, then partitioned between methylene chloride 
and saturated NaHCOj aqueous solution twice. The organic 
phase was separated, dried, and concentrated. The 
residue was purified by flash column chromatography on 
silica gel, affording 0.24 g of 5' DMrO-T*-SCH20-T*-OH 3' 

25 dimer (yield 22%) . 

Payt^ Characterization of 01 iaonucleo tides 
Conl^ainina -SCH^O- linkages 

The TT 3'-thioformacetal thymidine dimer of the 
2Q preceding paragraph was incorporated as a dimer block 
into the deoacyoligonucleotide sequence 

5' TTT-tf -TCTT-tf-TCTCCT-tf-TT-tf -TTQ 

35 
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wherein tf is the 3' thioformacetal linkage, all other 
liiakages are phosphorodiester, C is 5 -methyl 
deoxycytidine and Q is an anthraquinone pseudonucleoside 
5 as described in U.S. Serial No. 482,941, filed 20 

February 1990, and incorporated herein by reference. The 
cdDility of this oligomer to hybridize to RMA was assessed 
by thermal denaturation of the duplex of the oligomer and 
the RNA sequence 3' UAAAAGAAAGGAGGAAAAAD. Tm values for 
10 this denaturation were compared to those for identical 
sequences wherein either formacetal per se (-OCH2O-) or 
phosphodiester was present in the "tf " position. 

The Tm for the control phosphorodiester was 
69 «C; the Tm for the formacetal was 67*>C, and that for 
15 the 3' thioformacetal was Tl^'C; thus, the 3' 

thioformacetal linkage hybridizes more strongly to RNA 
than either phosphodiester or the formacetal. 

To assess triplex formation, thermal 
denaturation of the above oligomers and the duplex target 
20 5' AAAA6AAAGGAGGAAAAA was measured. 

The Tm values for the triplex transitions at pH 
6.2, (140 mM KCl, 5 mM NaCl, 5 mM MgClj, 5 inM Na 
phosphate) are: phosphodiester, 47.7®C; formacetal, 
44.1«C, 3' thioformacetal, 50.4<»C. Thus, the 3' 
25 thiofonnacetal linkage confers stronger triplex formation 
than either the phosphorodiester or formacetal linkages. 

Triplex formation was also assessed by DNAse I 
footprinting at pH 7.2, 20 mM MOPS, 140 mM KCl, 10 mM 
NaCl, 1 itiM MgClj, 1 iriM spermine. The 3' thioformacetal 
30 and exclusively phosphodiester oligomer were able to 
protect the target region from nuclease partially at 
10 fM while the formacetal showed little protection at 
100 /zM. 



35 
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Bxample 3 

Preparation o f 5^ HQ-T*-OCF^O-T*-OH 
5' Pivaloyl-3'HO thynddine (1 g) and 
thiocarbonylimidazole (1.2 g) were cosabined in 8 ml of 
5 dry acetonitrile (CA) and heated under inert gas at 60«C 
for 16 hr. TLC analysis showed coir5)lete conversion to a 
faster spot (5% isopropanol/CHjClj) . The reaction was 
cooled, diluted with CH2CI2 and washed with 1 M HCl and 
then sodium phosphate buffer (pH 9) . The organic layer 
10 was rotovaped to dryness, dissolved in dry ACN and 
rerotovaped; this was repeated three times. 

This thiocarbonylimidazole product (746 mg) was 
combined with an excess of 5' HO-3' -isobutyl 
carbonyl thymidine (810 mg) and 120 mg of tetrazole in 7 
15 ml of dry ACS and 7 ml ethanol-free CHCI3, heated under 
inert gas in a sealed vessel at 80*»C for 48 hr. The 
reaction was diluted with CHjClj/ washed with phosphate 
buffer, concentrated and purified by flash column 
chromatography to yield one pure fraction of 145 mg and 
20 less pure fractions of 450 mg. 

The pure material was then dried by 
coevaporation from dry ACN and desulfurized and 
fluorinated by treatment with 60 fil of diethylamino 
trifluoro sulfur (DAST) in 1 ml of dry ACN under inert 
25 gas at 40 «C for 16 hrs. The product comigrates with the 
starting materiaJ. on TLC (5% Isopropanol/CHjClj) • The 
reaction was diluted with CHjClj and washed with 
phosphate buffer, evaporated and purified on a 
preparative TLC plate eluting with 5% IsOH/CHjClj. 
30 The recovered material was deprotected with 

0.15 M sodium hydroxide in dioxane/H20 (1/1) at 20^C for 
16 hrs. The reaction was then neutralized with acetic 
acid, concentrated and purified by prep TLC eluting with 
H2O/ACN (1/9). The product, 5' HO-T*-OCF2O-T*-0H 3' had 
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an Rf on silica TLC, eluting with HjO/ACN (1/9), slightly 
faster than thymidine. 

Example 4 

5 Preparat ion of a T-T Tetrahydropyran Ketal 

5' -HO- 3' -benzoyl thymidine was reacted with 
5,6- dihydro- 4 -methoxy- 2H-pyran producing 5 ' - ( 4 -methoxy 
tetrahydro pyrano-4-yl) thymidine as described by Reese, 
C.B. et al,. Tetrahedron (1970) 2£:1023-1030. A mixture 
10 of 5'-pivaloyl thymidine 0.23 grams (0.5 mmol) and of the 
5 ' - ( 4 -methoxy tetrahydropyran- 4 - yl ) - 3 ' - benzoyl thymidine 
(0.32 grams, 1 mmol) was rotovaped from dry acetonitrile 
(ACN) three times to render them anhydrous. This gum was 
then dissolved in 2 ml of dry ethanol-free chloroform 
15 (CHCI3) and 1 gram of freshly activated 4A molecular 

sieves was added. The reaction was agitated on a shaker 
at 20**C for 16 hrs under inert gas. 10 mmol of p- 
toluenesulfonic acid (TSA) (previously dried by 
evaporation three times from dry hCS) was added in 0.2 ml 
20 of dry CHCI3 amd the reaction was agitated for 2 hrs at 
50**C under inert gas. The reaction was cooled to 20<»C 
and quenched with 0.5 ml of triethylamine (TEA). 

The workup consisted of dilution with CH2CI2 
and extraction with 0.5 M sodium phosphate pH 9, 
25 rotovaping to dryness, dissolving in toluene and 

rerotovaping to remove the residual TEA and HjO. This 
mixture was purified by preparative thin layer 
chromatography, eluting with 5% isopropanol in CE^Cl^^ 
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Example 5 

- Synthesis of Qliqonucleoti deg with S'-SCH^O-S" 
Intemucleoaide Linkages 

5 A. Preparation of 5^DMTQ-T*-SCH20-T*-OH3 ^ 

Anhydrous HCl was biibbled for 10 min into a 
solution of 3'-dodecoyl thymidine (4,41 g, 10.4 mmol) and 
paraformaldehyde (467 mg, 15-6 mmol) in methylene 
chloride (100 mL) at O^'C, and the solution was held at 

10 4**C for 48 h. The solution was dried over NajSO^, and 
solvent removed in the rotary evaporator to afford the 
5'-chloromethyl ether of the ester starting material. 
This chloromethyl ether was dissolved in methylene 
chloride (25 mL) and added dropwise to a O^C solution of 

15 5'-DMT-3'-thiothymidine (7.01 g, 12.5 mmoles) and 
diisopropylethylamine (DIPEA, 3.23 g, 26 mmol) in 
methylene chloride (100 mL) . The organic layer was 
separated, dried over NajSO^, concentrated on the rotary 
evaporator, and purified by silica gel chromatography to 

20 deliver the product 5'DMr-0-T*-SCB20-T*-OOC(CH2) 10CH33' 
(2.0 g, 20%). (The notation corresponds to that 
described for reaction schemes 5-7.) 

The above product (1.0 g, 2.0 mmol) was treated 
with sodixim methoxide (1.08 g, 20.0 mmol) in methanol (20 

25 mL) for 1 hr. The reaction was quenched with acetic acid 
(1.145 mL) , and concentrated. The crude product was 
extracted with methylene chloride, dried (NajSO^) and 
purified by silica gel chromatography to deliver the 3'- 
deprotected dimer 5' -DMT0-T*-SCH20-T*-0H (550 mg, 34%). 

30 This conqpound was converted to the phosphonate as 
described above. 
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B. Preparation of 5^T*-SCIL. Q-£:*-Qm^ 

In a solution of 3 ' -phenoxyacetyl-N-4-benzoyl- 
5 -methyl cytidine (1*70 g, 3.55 mmol) and paraformaldehyde 
(159 mg, 5,32 mmol) in methylene chloride (75, mL) at 0«C 
5 was bubbled anhydrous HCl for 10 min, and the solution 
was held at 4®C for 48 hr. The solution was dried over 
Na2S04, and the solvent was removed on the rotary 
evaporator to deliver the chloromethyl ether of the ester 

starting material, 5'ClCH20-C*-OOCCH20Ph3' . 

This compound was dissolved in methylene 
chloride (15 mL) and added dropwise to a solution of 
5'-DMT-3' -thiothymidine (1.43 g, 2.56 mmol) and DIPEA 
(0.826 g, 6.40 mmol) in methylene chloride (75 mL) . 
After stirring for 3 hr, the reaction was quenched with 
aqueous saturated sodium bicarbonate (50 mL) and the 
organic layer was separated, dried over NajSO^, 
concentrated on the rotary evaporator, and purified by 
silica gel chromatography to deliver the product 5'-DMT- 
T*-SCH20-C*-OOCCH2Ph.3' (1.35 g, 50%). 
^ The protected 5' -DMT-T*-SCH20-C*-OOCCH20Ph-3' 

was selectively deblocked at the 3' position by treatment 
with ammonium hydroxide (10 mL) in dioxane (25 mL) for 1 
hr. The solution was concentrated. Ethanol (50 mL) was 
added, and the solution was concentrated. Purification 
by silica gel chromatography delivered the deprotected 
product above (230 mg, 75%) , which was converted to the 
phosphonate as described above. 



C. Incorporation of the Dimer Synthons Into 
Oligonucleotides 

The dimer synthons prepared in paragraphs A and 
B hereinabove were incorporated into oligonucleotides 
using standard solid-phase synthesis techniques. In 
addition to these synthons, corresponding dimers prepared 
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as set forth above having the intemucleoside linkage 
-OCH^O- were prepared as controls. 

Binding Affinity of Oligomers Containing Formacetal 
5 (-oai^O') and Thiof ormacetal (S^-SCH^Q-BM Linkages 
The -OCH2O- and 3 formacetal 5'-SCH20-3' 
neutral linkages, represented as T^T and T^C (where C is 
5 -methyl -C) , dimer synthons incorporated into the 
sequence t'^C T^C T^C T^C T^C T^T T^T T were tested for 
10 bdLnding affinity using melting point (Tm) as a criterion. 

The Tms were measured in three different modes: 
triplex (dsDNA) at pH 7.0 with 140 iriM KCl, 5 mM Na2HP04 
and 1 mM MgCl2; single- stranded RNA at pH 6.6 with 140 mM 
KCl, 5 mM NajHPO^ and 1 mM MgCl2; and single- stranded DNA 
15 at pH 6.6 with 140 mM KCl, 5 mM Na2HP0^ and 1 mM MgCl2. 
The results are shown in Table 5, 

20 T^C T^C t'^C t'^'c T^C t'^T t"'^T T 





7.0 


ssRKA 


SSDNA 




All = 


ds DNA 








Diester 


31.8 


62.0 


55.0 




All ^ = 










-OCH,0- 


32.0(+0.2) 


57.5(-4.5) 


S0.0(-5 


.0) 


All ' = 










-SCHjO- 


43.9 (+11.9) 


67.5(+5.5) 


63.0 (-1-8 


.0) 




In the triplex mode. 


the -OCHjO- 


linked 





30 oligomer melted at a similar teznperature to the diester 
control a pH 7.0, while the -SCH2O- linked oligomer 
melted 11.9 degrees higher at pH 7.0. 

Against ssRNA and ssDNA the -OCH2O- linked 
oligomer melted at 4.5 and 5.0 degrees lower than the 
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control diester, while the -SCHjO- linked oligomer melted 
at 5^5 and 8.0 degrees higher them control against ssRNA 
and ssDNA respectively. 

In the footprint assay described above in 
5 Preparation B, part C, with 1 hr incubation with duplex 
target at 370C and pH 7.2 buffer of 20 inM MOPS, 140 mM 
KCl, 10 inM NaCl, 1 mM MgCl2, and 1 mM spermine, the 
diester control showed complete protection at 10 fM 
concentration and partial protection at 1 /xM. lixe 
10 -OCHjO- linked oligomer showed no footprint at 1 or 10 
AtM. The -SCHjO- linked oligomer showed coir5)lete 
protection at 10 fiM concentration and partial protection 
at 1 fiM. 

In conclusion, the 5' -SCH2 -0-3' -containing 
15 oligomer is superior in binding to diester in all Tm 

assays and equivalent to diester in the triplex footprint 
assay. 
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Claims 

1. A modified oligomer or derivative thereof, 
as herein defined, wherein said oligomer or derivative 
5 contains a nucleotide sequence useful in binding a 
biological moiety wherein the modification comprises 
substitution, for one or more linkages between individual 
nucleoside residues, of a linkage of the formula 
5'-Y^-C3C2-Y^-3' wherein at least one of and Y^ is 
10 sulfur and the other is oxygen and wherein each X is the 
same or different and is a stabilizing substituent, and 
the remaining linkages are phosphodiester linkages or 
conventional substitutes therefor. 

15 2. The oligomer of claim 1 wherein Y^ is S and 

Y^ is 0. 

3, The oligomer of claim 1-2 of the formula 



20 



25 



30 
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wherein each N is a nucleotide residue of the 

formula 



10 




wherein each L is an internucleoside lin]cage 
that links the 3' position of one nucleoside residue to 
the 5' position of the adjacent nucleoside residue; 
20 each B is independently a purine or pyrimidine 

residue or an analogous form thereof; 

each X is independently a stabilizing group; 

each R^^ is independently hydrogen, POj^", a 
protecting group, a phosphorous - containing moiety 
25 suitable for nucleotide coupling, or comprises a solid 
support ; 

each R2 is independently hydrogen, hydroxyl, 
fluorine, 0-alkyl (1-6C) , 0-allyl (1-6C) , S-alkyl (1-6C) , or 
S-allyl(l-6C) ; and 
30 a and b are independently integers of 0-100 

provided that the sum of a and b is from 0 to 100, with 
the proviso that the -S-CXj-O- nucleotide linkage links 
the 3' position of one nucleoside residue to the 5' 
position of the adjacent nucleoside residue. 
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10 



15 



20 



25 



4. The modified oligomer of claim 1-3 wherein 
each X is independently selected from the group 
consisting of H; alkyl(l-6C), halo, carbo^qrl or an ester 
or an amide thereof; CHFj; CF3; and CHFj; or X is (CH2)nW 
wherein n is sm integer of 1-3 and W is selected from the 
group consisting of halo; carbo^^l or em ester or an 
amide thereof; phosphate or phosphonate or an ester 
thereof; SOR or SOjR wherein R is alkyl(l-6C), 0^3, OH or 
OR; cuad a primary, secondary or tertiary amine; 

or both X taken together with the C to which 
they are bound form a heterocyclic ring, selected from 
the group consisting of 
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5. The modified oligomer of claims 1-3 wherein 
all X are H. 



6. The modified oligomer of claims 3-5 wherein 
5 R2 is selected from the group consisting of OH, F, O- 

methyl, O-ethyl, 0-propyl, 0-butyl, o-allyl, S-methyl, S- 
ethyl, S-propyl, S-butyl and S-allyl. 

7. The modified oligomer of claim 6 wherein 

10 is H. 



8. An oligomer of claims 1-7 for use in 

therapy. 

15 9. A pharmaceutical formulation comprising an 

oligomer of claims 1-6 together with a pheunnaceutically 
acceptable carrier therefor. 

10. Use of an oligomer of claims 1-6 in the 
20 manufacture of a medicament for the treatment of a 

condition susceptible to control by binding to a target 
substemce • 



11. The use of claim 10 wherein said binding 
25 results in inhibition of DNA or RNA expression. 

11. A method to link a first nucleoside or 
oligonucleotide and second nucleoside or nucleotide 3 '-5' 
through a linkage of the form -OCHjO-, which method 
30 comprises treating a first 5' protected nucleoside or 
nucleotide derivatized at the 3' position with a 
functional group of the formula -OCH2SCH3 and a second 
nucleoside or nucleotide protected at the 3' position 
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wlth bromine in the presence of 2 , 6-diethylpyr idine and 
molacular sieves, 

followed by treatment with tetrabutylammoniiim 
fluoride in a tetrahydrofurem (THF) solvent to obtain 
5 said first and second nucleoside or nucleotide coupled 
3 '-5' through the linkage of the formula -OCHjO-. 



12. A method to link a first nucleoside or 
nucleotide and second nucleoside or nucleotide through a 

10 linkage of the formula S'-SCHjO-S', which method 
comprises : 

treating said first nucleoside or 
oligonucleotide, said first nucleoside or oligonucleotide 
containing a siibstituent of the formula CH3SCH2O at the 5' 

15 position and protected at the 3' position, and said 
second nucleoside or oligonucleotide, said second 
nucleoside or oligonucleotide containing a protecting 
group at the 5' position and SH at the 3' position, with 
bromine in the presence of 2,6-diethylpyridine 

20 followed by treatment with tetrabutylammonium 

fluoride in tetrahydrofuran THF to obtain said second 
oligonucleoside or oligonucleotide linked to said first 
nucleoside or oligonucleotide through a linkage of the 
formula S'-SCHjO-S'. 

25 

13, A method to link a first nucleoside or 
oligonucleotide and second nucleoside or oligonucleotide 
through a linkage of the formula -OCFjO- which method 
comprises 

30 treating said first nucleoside or 

oligonucleotide protected at the 5' position with 
thiocarbonyl imidazole in the presence of acetonitrile to 
obtain a 3' derivatized intermediate, followed by 
treating said intermediate with said second nucleoside or 

35 
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oligonucleotide protected at the 3' position in the 
presence of acetonitrile to obtain said first nucleoside 
or oligonucleotide linked 3' -5' through a -OCSO- linkage 
to said second nucleoside or oligonucleotide, 
5 followed by treating said linked first and 

second nucleosides or oligonucleotides first with 
diethylaminotrifluoro sulfur in the presence of 
acetonitrile and then with base to obtain said first 
nucleoside or oligonucleotide linked 3' -5' to said second 
10 nucleoside or oligonucleotide through a linkage of the 
formula -OCF2O-. 

14. A method to link a first nucleoside or 
oligonucleotide and second nucleoside or oligonucleotide 

15 3' -5' through a linkage of the formula 

-OC(CH2CH20CH2CH2)0-, which method comprises treating a 
first nucleoside or oligonucleotide, protected at the 3' 
position, with 2,3-dihydro-4-methoxypyran to obtain said 
first nucleoside or oligonucleotide derivatized in the 5' 

20 position with a 4-methoxytetrahydropyran-4-yl- 
substituent; 

reacting said first derivatized nucleoside or 
oligonucleotide with a 5' protected second nucleoside or 
oligonucleotide in the presence of molecular sieves, to 

25 obtain said second nucleoside or oligonucleotide 

derivatized to said first nucleoside or oligonucleotide 
3' -5' through said tetrahydropyran ketal linkage of the 
formula -0C(CH2CH20CH2CH2)0- , 

followed by treating said linked nucleosides or 

30 oligonucleotides with toluenesulfonic acid. 
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15. A method to link a first nucleoside or 
oligonucleotide and second nucleoside or oligonucleotide 
3' -5' through a linkage of the formula 5'-SCH20-3', which 
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method conprises treating said first nucleoside or 
oligonucleotide protected at the 3' position and 
derivatized at the 5' position with a substituent of the 
formula CICX2O-, wherein X is as defined in claim 4, with 
5 said second nucleoside or oligonucleotide which is 
protected at the 5' position and contains an SH 
substituent in the 3' position in the presence of base, 
so as to obtain a linked product wherein the 3' carbon of 
said second nucleoside or oligonucleotide is linked to 
10 the 5' carbon of the first nucleoside or oligonucleotide 
through a linkage of the formula -SCXjO- . 
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